In 20 stainless steel Charnley hip arthroplasties (with a follow-up of 10-13 years) nickel, chromium and manganese levels were measured in blood, plasma and urine by atomic absorption spectrophotometry. Skin patch tests for these metals, and clinical and roentgenographic results of arthroplasty were also assessed. Metal levels in organic fluids were plotted against a control population homogeneous for age, residence and anamnestic conditions with the first, but which had never undergone a prosthesis or other metallic implant surgical procedure. Nickel levels in blood, plasma and urine, manganese levels in blood and urine and chromium levels in plasma were significantly higher in the hip prostheses population.
An increased concentration of alloy metals in the blood and urine of patients with total hip prostheses with both metallic stem and cup has been observed. Metals are released by wear from the surface of the prostheses in the form of small particles and by corrosion in the form of soluble ions (Coleman et al. 1973 , Dobbs & Minsky 1980 , Jones et al. 1975 .
There are no data in the literature on blood and urine concentrations of metal in patients with metal-plastic prostheses, but in vitro experiments show a very small release of metals from these implants (Rae 1979) .
The study of release of metal ions in the body by implants is supported both by observations of carcinogenic properties of metals in experimental animals (Daniel et al. 1963, Heath et a] . 1971 , Oppenheimer et al. 1956 ), though there have This paper was supported by grant no. CT 810012604 of Italian National Research Council. been no reports of cases of tumor induction by implants in man, and by metal sensitivity as a cause of bone necrosis and loosening of the prosthesis (Benson et al. 1975 , Brown et al. 1977 , Deutman et al. 1977 , Elves et al. 1975 , Evans et al. 1974 , Jones et al. 1975 , Rooker & Wilkinson 1980 . Sensitivity has been observed chiefly in all-metal prostheses; it apparently does not occur in metal-plastic implants (Deutman et al. 1977 , Rooker & Wilkinson 1980 . On the other hand in animal studies it has been observed that the introduction of metal implants (which are also more resistant to corrosion) entails an ionization of the surface of the implant and a release of the alloy metals, even if in very small quantities (Clarke & Hickmann 1953 , Ferguson et al. 1962 , Ferguson et al. 1960 , Laing et al. 1959 , Perkins 1973 .
On the basis of these observations and considering the possibility that metal accumulates in the body following long presence of the implant, similar to what is expected for articular prostheses, we decided to study the sensitivity to alloy metals and their blood, plasma and urine concentrations in patients with a Charnley metalplastic prosthesis functioning for more than 10 years, together with the clinical and roentgenographic results of the arthroplasty.
MATERIALS AND METHODS
The studied population consists of 20 patients who underwent a total hip arthroplasty 30-13 years ago at the Orthopaedic Clinic of the University of Pavia. In all the cases the same Charnley hip prosthesis was applied with an EN58J stainless steel stem provided by Thackray Ltd (model MKlS) and RCH 1000 polyethylene cup.
The population includes males and females, from 60 to 82 years of age, with an average age of 68.8 years.
All the patients come from Pavia and its surrounding area (which has a predominantly agricultural economy) and for the last 10 years they have remained in this area.
Because they may have a great influence on metal concentration in the organic fluids, the patients' jobs and the location of industries near the place of residence have been carefully investigated in the anamnesis.
For the same reason alcohol and tobacco consumption and drugs taken in the last 2 years were recorded.
The following pathologies were specifically researched: hemophilia liver diseases thalassemia kidney diseases Wilson's disease heart disease diabetes
The patients underwent general and local physical examination with a hip roentgenogram (both frontal and lateral views). Blood was drawn using a polyethylene syringe and a 5-ml moplen test tube with sodium heparin.
For every patient a whole blood test tube was refrigerated at + 5 T , while another was centrifuged at about 2500 r.p.m. at room temperature and the plasma pipetted and stored at -20°C till 6 h before beginning the analysis.
Urine samples were taken using plastic containers decontaminated with a water solution of 10 per cent nitric acid and repeatedly washed with bidistillated water.
Analytical determinations were performed with two atomic absorption spectrophotometers (Perkin Elmer model 5000 and 603 equipped respectively with HGA 500 and HGA 76(b)).
Chromium determination in plasma and urine was performed following the method of Guthrie et al. (1978) , partially modified for the utilized equipment.
Manganese determination in blood and urine was performed utilizing both the method of Ross & Gonzales (1974) and the extractive procedure with NaDDC/MiBK (Minoia & Cavalleri 1982) .
Nickel determination in plasma, blood and urine was performed after mineralization of the specimen and extraction of the Ni-DMG complex in methylisobutylketone (Zachariassen et al. 1975) . The accuracy of the methods employed, the limits of relative revealability and the data of accuracy are reported in Table 1 .
The research of skin sensibility to the alloy metals was performed utilizing as aptene a 2 per cent solution of FeCl,, a 0.5 per cent solution of K,Cr,O,, a 2 per cent solution of MnCl,, a 3 per cent solution of NiSO, .7H,O. The skin test was read after 48 h by a trained dermatologist.
The control population consists of 20 individuals, male and female, with no record of prostheses or other 
RESULTS
The clinical results of the population with prostheses after 10-13 years have been satisfactory, as assessed by interview and physical examination of the patients. Roentgenograms were considered according to the following parameters:
-radiolucent line between bone and cement -incomplete envelope of cement around the stem -loosening between cement and stem -fracture of the cement -air bubbles inside cement.
The results are reported in Table 2 .
Chromium, nickel and manganese average levels in blood, plasma and urine of prostheses and control population are reported in Table 3 .
Skin sensitivity tests to chromium, nickel, manganese and iron were negative in 16 patients; in four it was not possible to read the skin test because they failed to return 2 days later.
DISCUSSION
According to the results it is possible to assume that the significantly higher levels of chromium, nickel and manganese in blood and urine of the patients with hip arthroplasty arise from metal ions released from the femoral stem.
The ion release from a metal implant into a saline solution takes place exclusively from this surface and in hip arthroplasties fixed with acrylic cement only the head and the neck of the femoral prosthesis are exposed to the body interstitial fluids, while the shaft (about two-thirds of the whole metal prosthesis) is separated from them by the cement envelope. However, in nine of the 20 cases this condition was not satisfied from the moment of prosthesis application, because there was an incomplete envelope of cement around the stem.
In these cases the increased extension of the exposed surface is not as relevant as the presence of a border-limit between the metal surface exposed to body fluids and that covered by the cement; indeed micromovements between the cement and the metal surface may damage the thin oxide film of the metal on these borders and prime a corrosion process similar to that observed between metal plates and screws, known as "crevice corrosion".
We have observed corrosion pits on the stem of a prosthesis (not included in this series) removed after 5 years for aseptic loosening (Figure 1) .
On the other hand the relationships between bone, cement and stem undergo, with time, other modifications, which increase the exposed metallic surface and can also prime the corrosion process. Bone resorption around the cement (observed in 10 cases) involves a deeper settlement of the acrylic cement envelope inside a larger bone bed; it may be observed in roentgenograms as sinking of the whole prosthesis and cement envelope inside the femoral diaphysis or as a cement fracture and loosening between the cement and the stem. These observations indicate that there are micromovements and therefore favorable conditions to prime the corrosion processes.
In this series, on the whole, 12 prostheses show a stem exposure for one or both the considered factors ( Table 2) .
The metal ions released from the implant surface have been documented in the periprosthetic tissues in experimental animals both by spectrochemical methods (Ferguson et al. 1960 , 1962 , Laing et al. 1959 , and by X-ray spectrography . From this tissue they spread through the extra-cellular fluids (Maroudas 1973, Perkins 
1973) and can reach the various target organs and tissues.
Therefore in man and in still working prostheses the only reasonable measurement of metal ions may be performed in the biological fluids: blood andlor plasma and urine.
Chromium determination was performed only on plasma on account of the different metabolism of this metal ion in the human body according to its valence, indeed, since the hexavalent chromium is selectively transferred inside the erythrocytes, where it is reduced to the trivalent form and released in the plasma, the latter seems to be the more stable form of the ion in the body. Therefore whatever the valence of the chromium ions released from the prosthesis surface, the quantity in plasma appears to be the most significant index of the metal in the human body. Nickel ions were determined quantitatively both in the plasma and the whole blood with a good concordance of the results.
Although the increased levels of chromium, nickel and manganese in the prostheses population are highly significant (P < 0.001, except chromium in urine), the absolute quantity of metal is very low and well below the threshold of metal toxicity. This indicates that stainless steel prostheses articulating with polyethylene sockets also release metal ions through corrosion, but over a period of 10 years the quantity of metal released in the body is very low. It also corroborates the physical findings, which do not show any particular symptomatology of metal poisoning.
A second concern of increased metal in the body is the risk of tumor induction. In experimental animals the carcinogenic properties of chromium, nickel and manganese ions have been proved and also in workers professionally exposed to these elements a carcinogenetic risk has been demonstrated (Kazantzis 1981 , Norseth 1981 , Sunderman 1981 .
Although results from animal experiments cannot be applied to human tissues and the professional exposure entails completely different quantities and assumptions, not comparable to the considered case, this risk must still be kept in mind, especially over very long periods of exposure.
Experience with articular prostheses now covers a period of 20 years and up to now cases of tumor induction or higher tumor incidence have not been reported in these patients. Nevertheless, because there is a tendency to extend the indication for prostheses to younger people, this possibility deserves careful consideration.
Finally, a third aspect which deserves discussion is sensitivity to metals.
Cases of aseptic loosening have been reported and have been ascribed to bone necrosis around the implant caused by an allergic reaction to the metals (Benson et al. 1975, Evans et a] . 1974, Uchida et al. 1980) . These reports generally concern cobalt-chromium all metal prostheses, although skin sensitivity to metal has also been observed in some metal-plastic prostheses (Deutman 1977) . Moreover many papers raise doubts about a direct relation between skin sensitivity tests and allergic reaction in periprosthetic tissues with consequent bone necrosis and loosening (Brown et al. 1977 , Elves et al. 1975 , Langlais et al. 1980 , Rooker & Wilkinson 1980 . In metal-plastic prostheses in particular these phenomena seem to have no relevance.
In the studied prostheses population no cases of skin sensitivity were observed; it may be that chromium, nickel and manganese have less capacity to stimulate immunity than cobalt ions, or that the quantity of metal released by stainless steel alloy metal-plastic prostheses is too low to stimulate immunity.
CONCLUSIONS
Patients with a 10-13-year-old stainless steel hip prosthesis articulating with polyethylene sockets have higher levels of chromium, nickel and manganese in blood and urine than in a control group.
The increased level of metal ions is nevertheless well below the threshold of metal toxicity for each of the various metals.
The release of metal ions by stainless steel metal-plastic prostheses does not seem to cause sensitization even after a prolonged period of time.
The monitoring of metals in biological fluids may be a useful non-invasive method to investigate the corrosion of the metal component of the prosthesis in the body.
